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ANNOTATION

This pamphlet discusses in popular form the studies performed
by cosmonauts on spacecraft. The possibllities which have opened
up for science due to experiments carried out directly in space are
discussed, as well as certain interesting results already obtained
from the flights of cosmonauts. The cosmonaut profession and fiight
training are examined in detail. Future trends in the development

of manned space technclogy are briefly investigated.

The pamphlet 1s designed for a wide circle of readers who are
interested 1n the problems of human space flight.
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THE COSMONAUT AS RESEARCHER

Nikolay Nikolayevich Rukavishnikov¥* and

Genrikh Ivanovich Morozov¥#¥®

Introduction

Space exploration and the conquest of space is of value for all /3%#¥%
mankind. Space navigation is not only a new branch of science, 1t
enters decisively into the life of every man as a clear manifestation

of the inexhaustible possibilities of human intelligence.

Artificial earth satellites now serve the national economy re-
liably —— collecting and transmitting to Earth meteorological infor-
mation necessary for the formulation of long-range weather forecasts;
tracing solar phenomena and warning of adverse consequences of these

phenomena; proﬁiding global communication and extra-long range tele-

communications; aiding in the search for mineérals; detecting forest

fires, etc.

Spacecraft achieving flights to the Moon, Mars and Venus have

extended the possibilities of scilentific exploration of fhe solar

¥USSR Pilot - Cosmonaut

*

* Candidate of Technical Sciences
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system, complementing former methods of investigation with a funda-
‘mentally new one — direct study of planetary material. New data
have already been obtained about conditions on the surface of the
Moon, Venus, and Mars, the physical and chemical characteristics of
lunar soll, the atmospheres of Mars and Venus, the circumberrestrial
space and space around the Moon have been more accurately determined.
The effect of space navigaticn on production is gradually lnereasing
and intensifying. Contemporary industry is undergolng serious re-
organization in connection with the development of such complex tech-

nology as spacecraft and instrumentation placed on them.

Space navigation also has a highly beneficial influence on such
areas of social activities as public health, education, culture.
Highly refined means df medical monitoring developed for the crews /4
of manned spacecraft can be and already have been applied successfully
in medicine. There 1s no doubt that an enormous role in disease pre-
vention will be played by the new direction initiated in space medi-
cine — forecasting the status of the healthy human organism for

several weeks and even months ahead.

Experience in applying various training apparatus, panels, and
test stands zccumulated in preparing cosmonauts for flight can be
effectively applied to education, particularly in the professional-

technical instruction and selection system.

Investigations carried out on manned spacecraft and stations
have been particularly varied and productive. This has been assisted
by favorable conditions for accomplishing such investigations (con-
temporary manned space technology provides for the inastallation of
the most sophisticated sclentific apparatus and instrumentation hav-
ing advanced data-handling capabilities, accuracy, and reliability),
as well as by highly qualified specialists — the cosmonaut-research- -
ers — taking part in the experiments. Man,by his own activity,has
provided not only high technical reliability, but also the highest
achievements in new directions in scilence and practice. Space navi-
gation has now become one of these directions. Thus, interest in

space research has increased sharply in the widest masses of the



population, and the cosmonaut profession has become one of the most
popular, attracting the close attention of many people, egspecially
c¢nildren. The features of cosmohaut work and the conditlons of their
activities in space, however, are relatively little known to the

general reader.

Recently, the sphere of activity of the cosmonauts during space
flights has sharply expanded. In many respects, this is explalned
by the fact that ever greater numbers of branches of sclence and
national econcmy have advanced proposals for space experiments on
manned spacecraft. Since many experiments are performed for the
first time, a significant role in the flight programs of the cosmo-
nauts 1is alloted to developlng techniques for performing these ex-
periments — a largely creative process. Since the flight of each
crew into space generally opens a new page in the utilization of .. - /5
space, the cosmonauts are often obliged to solve new, most unexpected
problems requiring independent sclutions not provided for in the
flight plan. Thus, cosmonaut actlivity is very distinctive. More
than 1n any cther activity, the triviél can be interwoven with the
heroic, the usual, well-carried-out operations — with quite unusual
actions not encountered previously. It i1s natural that, in the se-
lection and preparation of cosmonauts, an important role is played
by thelr perébnal qualities, constant preparedness for independent
work, aptitude for handling the most unexpected situations under

pressures of time and complex circumstances.

Pilot-cosmonaut, candidate of technical science V. I. Sevast'-
yanov has well stated the characteristics of the cosmonaut's work:
"The cosmonaut profession necessarily has two sides today. The cos-
monaut must be an analyst, that 1s, in flight he must contrecl the
operation and carry out tests on the spacecraft and its onboard
systems to ensure future development of space technology, and, at
the same time, he must be a researcher in order to extract valuable
information from the surroundlng space, atmosphere, and surface of
the Earth" [1].



‘Actually, by the nature of his work the cosmonaut is always an
analyst, always a researcher. The launch of each Soviet spacecraft
has been associated with the beginning of a new stage in space ex-
ploration; only the specific problems placed on the crew, their num-
ber and content have differed. Sometimes, one central problem is
designated in the flight program, whose solution 1mplies the emer-
gence of space sciénce and technology into a qualitatively new stage.
These were: the first manned flight into space, the first "space'
walk", the first group flight on the "Voskhod-1" spacecraft, the
first rendezvous of manned spacecraft, etc. But in each flight, the
cosmonauts have solved more problems of all kinds. Thelr number and
variety have increased with time and have required the production of
multi-stage spacecraft and long-term orbital stations. However, in
the program of each manned craft, one feature has remained unchanged
— the cosmonauts have had to solve problems for the firsttime, tasks| /6
have been put before them which have never been performed before.

And finding the solution of these new, unknown problems has reguired
independence and creativity with consideration of changing operating
conditions, i.e., first and foremost, research activity and study of

the unknown 1s advanced in the work of the cosmonauts.

Even such "ordinary" prbéesses as eating, physical exercise, and
hygieniec procedures are for the cosmonaut an investigation of new
diets, new foodstuffs, new techniques. The same applies also to the
maintenance of the onboard systems of the spacecraft. Space tech-
nelogy is continuously improving, and sometimes the cosmonaut, having
studied one form of instrumentation as a back-up, later in an inde-
pendent flight operates on other instrumentation, investigating its

quality, convenience, and reliability.

In this pamphlet, we will try to describe the content of re-
search work carried out by cosmonauts in fiight, the most 1mportant
directions of research performed on board manned spacecraft, i.e.,
those forms of activity which to a significant degree define the

cosmonaut profession in our time. |



Research on Manned Spacecraft

It i1s difficult even to merely list all the problems whose solu- /7
tion can be achieved on manned spacecraft — such a large number of
questions await thelr solﬁtion in space. For convenience of analysis,
all the work of the crew is divided into several groups in compiling
the flight program: scientific programs; problems to be solved in the
interest of the national economy; problems of inspection, control,

and servicing of onboard systems; self-servicing work.

In compiling the in-flight progfam for the crew, a comparison
is made of the relative importance of wvarious forms of cosmonaut
activity with an estimation of the assumed scientific or economic
effect to be obtained by the solution of one or another problem. Of
coursé, there is no general rule for uniguely compiling the optimum
program. However, definite principles can be formulated, which can
be used in developing projects of new space techniques and provide
the best results from manhed space fiights for a large time interval
{(say, for 10 or 20 years).

These  principles include the following:

gradual and systematic solution of the basic prcblems of space
science (such as developing the laws of conversicn of energy and
other forms of matter 1n the universe; 1Investigating the origin and
evolution of galaxies, stars, and planets; detecting extraterrestrial
forms of life; 1nvestigating the ccnditions for the existence of ter-

restrial forms of life in space and on celestial objects; etc.);

creation of the scientific and technical bases for subsequent
work in space (developmenﬁ of refined spacecraft and long-term sta-
tions, development of energy for fiight into deep space, creation of /B

long~-term life-support systems of varying degrees of automation, ete.);

provision for a succession of space operaticns from one space-
craft to another;



solution primarily of problems in working out new space tech-
nology (multistage orpital staticns, manned craft for interplanetary
eXpeditions,_promising rocket-carriers, highly sophisticated onboard
systems, reusable spacecraft, etc.) and problems of national economy
to achieve the greatest economic advantages even now (meteorological
problems for improving long-range weather forecasting, oceanologlcal
problems for developing ocean fisheries, problems of agriculture and

forestry, ete.).

In the initial stages of the development of space technology,
testing new models of systems and instrumentation of spacecraft and
the solution of medical and bioclogical problems of manned space
flight are of the most important value. Manned spacecraft and their
onboard systems are unusually complex and scphisticated devices with
very diliverse operations which take place under the unusual conditions
of space, which are extremely complicated or generally impossible to
reproduce on earth. Thus, many technical solutions, deslgns, and
processes specified by designers of spacecraft can be definitely
verified only after thorough tests. under the actual conditions of
space flight. It is evident that such tests can be performed most
thoroughly and reliably by man — specialists iIn the respective sys-
tems. Testing a new technélogy is also an importaht stage iﬁ the
creation of future sophisticated and reliable space systems intended
for forthecoming prolonged space flights — in the development of

long-term orbital stations or for expeditions to other planets.

Among the medical studles, the basic ones have been: establish-
ment of the basic possibility of vital acﬁivity and operating effi-
ciency of man in spsce, determination . of the best ccondlitions in
pressurized cabins and the creation of efficient means for monitor-
ing the health of the cosmonauts. These problems have now been
solved successfully, and thé first stage in medical research on
manned space flight has been the problem of determining the limiting
adaptation possibilities of the human organism to conditions of
weightlessness and the reaction to terrestrial gravitation after the

return from space.



The creation of long-term manned orbital base-stations projected
in the immediate future is the first stage in the implementation of
prolonged programs of scilentific studies under space conditions.
Among the scientific problems facing the crew of an orbital base,
two large groups can be distinguished. Problems associated with ob-
servations beyond the Earth and celestial objects in spectral regions
inaccessible in surface observations are in the first group. Prob-~
lems whose solutions in essence-broaden the possibilities of scienti-
fic laboratories on Earth belong to the second group. These are:
study of the properties of materials under space conditions (welght-
lessness, ultrahigh vacuum, intense radiation); study of the techno-
logical processes of joining materials (welding, cementing, bonding
by diffusion in the solid phase); study of the interaction processes
of ultrahigh-energy elementary particles; appllcation of space con-

ditions for medilical purposes; etc.

There are also probléms connected with the most efficient and
economical disposition of scientiflc apparatus on leng-term manned
stations, the unificaticon of 1ts elements and systems, the creation
of methods for the most effective operation of the stations in the

interests of sclence and the national economy.

Man _and Automatic Equipment in Space

One of the most discussed questions in contemporafy space sci-
ence 1s the necessity of direct participaticon of man iﬁ space re-
search and the distribution cf tasks between manned and automated
systems. There are different opiniocns and approaches to the solution
of this question. The Swedlsh scientist, Nobel-laureate H. Alfvén,
has expressed the opinion [2] that, if scientiflc observations were
the only goal of space flight, then sooner or later all the problems

of space scilence would be solved by automatic means.

However, manned space fiight includes a large number of import-
ant aspects. Apart from the collection of secientific information,

such flights represent a qualitatively new stage in human development,
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in mastering the forces of nature. On one hand, the escape 1nto
space has allowed man not only to solve complex problems posed by
terrestrial science, but also to make new discoveries, to reveal new
secientific problems. On the other hand, the penetration of man into
space 1s only a step on the way to 1ts settlement and utlllzation,

about which XK. E. Tsiolkovskiy already has! spoken very persuasively.

The advantages of a human investigator over automated Instru-
ments and robots are obvious. Man has the capabllity of deep analy-
sis, he can select rapidly and gualitatively from a large flow of In-
formation the most valuable portion, and more important, can be di-
rected in unfamiliar situations,.to assume solutions based not only
on information received during flights and a glven program of opera-
tion, as can be done automatically, but alsc based on his own indi-
vidual knowledge and experience, both special sclentific as well as

general.

The well-known Soviet scientist, associate member of the AN
S3SR K. Ya. Kondrat'yev, who has studied intensively the problem of
analyzing sclentific information obtalned from space by automatic
artificial Earth satellites and with the help of the crews of orbital
spacecraft, has noted that in conducting space research several facts
necesgitate the participation of man and require the inclusion of
cosmonaut-speclalists of various scientific and fechnical disciplines

in the crews of future orbital stations. K. Ya. Kondrat'yev has

correctly pointed to the following:|

1. Necessity for the conscious selecticn of objeets for study.
The specialist, upon interrogation from Earth or independently, can
make such a selection, which is particularly valuable for increasing

accuracy and operational efficiency.

2. Possibility of ensuring the most favorable conditions for

photographing terrestrial objects.

3. Possibility of testing, inspecting, monitoring, and even

repairing complex scientific apparatus [3].

/11



There 1s a signifilcant number of experiments and various opera-
tions in space for whose performance man 1s quite necessary. Such
are, for example, medlical studies, which are practically impossible
without man, a wide range of psychological studies of various types.
Experiments in englneering psychology, development of systems and
methods of manual control are impossible without man. Experiments in
visual navigation using celestial objects belong to this same group.
Repair of equipment on board spacecraft is practically impossible to
imagine without human participation — replacement or restoration of
faulty components and units, and also work on the outer surface of

the craft in space.

In a number of investigatlions which can be automated in prin-
ciple, 8 gualitatively new tone 1s acquired with human participation.
Thus, the experlenced investigator selects the most lmportant infor-
mation, Whiié:the robot records everything falling into its "field
of view". Observations of the upper layers of the Earth's atmosphere
and of various little-studied regions of the Earth's surface are re-
lated to such operations. Participation of specialists is very val-
uable in the adjustment and alignment of research apparatus in find-
ing their optimum operating conditions and in selecting all kinds of
exchangeable attachments, etc. Apparatus adjusted by speclallsts
subsequently can| be used successfully in automatic operation, but man
‘is very useful for its repair. On the negative side, the use of cos-
monauts in varilous space operations introduces definite difficulties
and additional problems which do not arise 1n automated flight.

Above all, the necessary conditions for normal human actlvity and

high efficiency on board the spacecraft must be provided.

One of the important conditions for effective human activity on
Earth as well as in space is a definite, rather large, free space for
performing worklng operations, relaxation, etc. Thus, on the {irst

3

Soviet spacecraft "Vostok" the firee volume was 5 m”, on the "Soyuz"
craft — 15 m3, and on the multistage orbital station "Salyut" —
about 100 m3. The volumes on the American manned craft are analogous:

ocn the "Mercury" — 3 m3; "Gemini" — 10 m3; "Apollo" — 20 m3.

/12



It 1s natural that manned spacecraft (3SC) are significantly
larger than automated appafatus and have correspondingly signifi-
cantly greater weight. The welght of speclal life-support systems
intended to provide the cosmonauts with oxygen, drinking and sanl-
tary-hygienic water and food, as well as the disposal and utiligation
of various waste products of the crew, is added to the weight of
manned SC. As 1s well-known, a human with an average weight of
about 70 kg reguires daily about 600 gm of oxygen, 600 - 800 gm of
dry food and 2 - 2.5 gm of drinking water. In addltion, the human
requires 5 - 10 gm of WatEPVfOP sanitary-hygienic needs in prolonged
space flights. In the proéess of human activity, about 500 gm of
carbon dioxide, 2.5 - 3 gm of water (perspiration, ete.), and 100 -

200 gm'of solid waste are geherated.

There are a large number of possible organizational plans for
life-support systems. The simplest plan 1s the use of stockplles
of water, food, and oxygen in pure or chemically bound form and the
collection andstorage of wastes. The main dlsadvantage of such a
system is the dilrect dependence of the system welght on the duration
of the flight, so that for a flight of about 30 days, the weight of
such a life-support systen already exceeds the weight of the crew.
A more sophisticated plan provides for the recovery (regeneration)
of part of the raw materials required by man (oxygen, water) from
the generated products. Comparatively small stockplles of materials
are required for such a system, but the inherent weight of the sys-
tem is rather great because of the complex apparatus. Thus, for
short-term flights its welght 1s even greater-than the weight of the
Stockplle system. Regeneraﬁive syatems of varying degrees of closure
wili be sulftable for use in the future of spacecraft inftended for
flights lasting several months or years. The selection of a certain
life-support system 1s the problem to be solved by the designers 1n
developing spacecraft. In any case, a significant welght expenditure

is necessary for any life-support system for manned space flight.
Since the cost of developling and launching heavy manned SC is

st111 rather high at present, it is clear that 1ts very frequent use

is economically disadvantageous. For the solution of a number of

10
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problems, the use of manned SC not only has no advantage, but is
simply impossible. For example, it 1is necessary to send automated
equipment to study space about the Sun, which is characterized by an
extremely high thermal flux, or to lnvestigate high-energy cosmic
radiation, since these conditions are hazardous for the human organ-
ism. It is also necessary to begin wilth aubtomatlc means to investi-
gate any unknown space factor, such as, for example, the preliminary
study of conditions on the surface of the Moon or planets of the
solar system. Thus, automatic apparatus will be the first travelers
in flights to the Moon, Venus, and Mars, paving the way for the

cosmonauts.

The distribution of the spheres of influence of automated and
manned space apparatus in general will have, approximately, the fol-
lowing form. At the very first stage in investigating any celestial
object or space phenomenon, automated apparatus {one or several,
depending on the complexity of the problem) will be launches for pre-
liminary study and for working out the appropriate techniques. Then
expeditions of cosmonauts will be sent with the participation of
scientific speciélists for deeper and more thorough study. These
investigations will subsequently develop into a stage of deeper study

with various automatic and manned means.

It is obviocus that even on .the manned spacecraft itself not all
the work must be done by the crew. The manned spacecraft is a "man -
machine" system whose efficiency depends to a great degree on the
proper distribution of functions between man and auotmation. Thus, /14
in the design of spacecraft, the taské to be performed on it will be
distributed between the crew and automatic equipment, and the basic
requirements of the cosmonauts will be formulated from the point of
view of profeésional skills and qualities ﬁhich they should acqguire
in the flight preparation process.

There are various points of view about the duties of the ecrew
of a spacecraft. Disagreement 1s especially great about the parti-
cipation of the cosmonauts in controlling the onboard systems. At

first, when the experience in manned space flight was very Sparse,

11



the thought was often expressed that all or almost all control func-
tions should be performed automatically, and the cosmonaut could
take control only in emergency situations. The other extreme is the
tendency for the cosmonaut to perform as many control tasks as pos-
sible, and the automatic devices remain as back-up. It is difficult
to agree with either extreme view. On the one hand, it is incorrect
to view the crews of manned spacecraft as merely passengers taking
no part in the control. But to place
all the responsibilities for this con-
trol entirely on the cosmonaut — as,
for example, on the pilot of an air-
plane — 15 also impossible. Even in
contemporary aviation, automation plays
an important role in flight control,
and the number of problems whose solu-
tion requires quick response and high

precision is magnified in space flight.

In actual space flights, the

funetions of the crew in controlling

the 3C are constantly changing, and a

tendency has been observed to broaden Figure 1. Antenna for
; : - m ica-
the range of human operation with in- HEep spaoiigg IS LS

tensification and elaboration of prob-
lems and operations. Actually, from
the beginning, cosmonauts interfered in the operation of onboard sys-
tems only in cases of any failures 1n the automation. Amerilcan
astronauts encountered various failures and malfunctions in the on-
board systems as early as the first of their manned "Mercury" satel-
lites, Thus, in the flight of the first American astronaut John
Glenn in "Friendship-7", instruments indicated before the firing of
the braking engine module (BEM) that the heat shield fastening sys-
tem was loose. There was a danger that the heat shield would fall
of f after separation of the BEM. The astronaut made the decision
not to separate the BEM after its operation, and the descent took
place with it.

12
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Greater difficulties occurred with Cooper flylng on the "Mer-
cury MA-9" craft, who had to eliminate a malfunction in the automatiec
device controlling the sequence of operations for descent from orbit.
The trouble was aggravated by the fact that the malfunctioning deyice
continued to operate giving incorréct commands and prevent the astro-
naut from taking control himself. But, nevertheless, the astronaut
and the personnel of the ground stations, although with great diffi-
culty, were able to find a method to eliminate the emergency

situation.

Subsequently, system failures on the other American spacecraft )
"Gemini" and "Apollo" forced the astronauts to remain in constant
readiness either to disconnect malfunctioning instrumentation or

even to carry out repalrs.

On manned Soviet craft, cosmonauts first encountered automaticn
failure during the flight of "Voskhod-2", when the automatic landing
control system failed to fire. The craft commander, pllot-cosmonaut
P. I. Belyayev, analyzing the situation, oriented the craft manually
and fired the BEM at the calculated time.

The firm conviction has been reached at present that the parti-
cipation of cosmonauts in the control of onboard systems and in their
maintenance for preventive inspection and repair signiflcantly in-
creases the general reliability of the systems and, consequently, /16
increases flight safety and effectiveness in completing the gilven
program. Thus, in the design of contemporary and future manned
spacecraft, such crew activity is planned and included in the flight
program. Calculétions and ground experiments indicate that such an
approach to crew tasks has particularly great advantages in the case
of long-term orbital space stations and interpianetary craft for

flights lasting several months or years.

The feasiblility of human parfticipation in performing scientific
experiments on board spacecraft is determined by many reasons. For
example, in investigations 1nvolving observations of various objects
on the Earth, important roles are playéd by: the sharpness of the

13



view, visibility conditions, degree of preparatlon (training) of fthe
cosmonaut, the presence of characteristic distinguishing features of
the object observed. The resolving power 1s about one to several
minutes of arc, i.e., from an altitude of 200 km one can distinguish
objects 200 - 300 m in size. With favorable.visibility conditions,
significantly better results can be achieved. Good solar illumina-
tion and light and shape contrast with the surrounding background is
very important for this, Extended objects — rivers, roads — are
seen especially clearly. The preparedness of the cosmonaut plays an
important role: he can distinguish much more detail in famillar
localities. In particularly favorable cases, cosmonauts have seen

obJjeects only 10 - 20 m in size.

For example, in May, 1965, the American astronaut Cooper in’ the
"Gemini-5" spacecraft reported that he could distinguish the launch
pads at the American space field, airport runways, streets, and even
smoke from chimneys. The Soviet cosmonaut, G. T. Beregovoy, clearly
saw ocean vessels by thelr wake on the ocean surface. These demon-
strations of human vision bpen up great prospects for the visual
observation of terrestrial objects. For example, tectonic formations
on the Earth's surface can be studied visually very thoroughly and
effectively from orbiting statlons. The information cited above in-
dicates that even small fractures and faults from several tens of
meters to several kilometers 1n size are also Quite accesgsible to /17
visual observation from space. Likewise, visual observation from
orbital stations of lce accumulations in the polar seas, of snow caps
on mountains, etc., can be carried out conveniently. Evidently, it
is gulte possible to observe from space individual plots of vegetation
in inaccessible locations, large herds of livestock, sourceﬂ of

forest fires.

14



Terrestrial Observations by Cosmonauts

Even the first flights of Soviet cosmonauts gave extremely inh-
teresting data about the Earth, its gurface and natural resources,
about the condition of the oceans and seas, about processes in the
atmosphere. An extensive course in space science gradually developed
which is sometimes called space geography. From near-Earth orbit,
cosmonauts carry out various observations aiding the study of our
planet and the use of its space and resources. Very many s¢ientific
and economic problems can be solved in principle significantly faster
and more economlcally due to the participation of cosmonauts carrying
out regular observations cf the Eafth from space. In the number of
branches already having the closest ties with space technology, one
can name geology, meteorology, hydrology, television, geodesy, carto-
graphy, forestry, in which the economic effect when usiﬁg data ob-
tained by cosmonauts becomes greater with each new flight of manned

crafg.

We shall now discuss several branches of national economic
activities of cosmonauts, in which definite experience has already
been accumulated, and which will certainly oeccupy an important place

in the fligh% programs of future long-term orbital stations.

We begin with meteorology. There is no need to explain how
important timely weather forecasts are for the national economy of
a country. In addition, it is well known that even now there is
much which is unclear and unresolved in this problem. It is well
known that the atmosphere as a whole takes part to a significant ex-
tent in the formation and development of weather phenomena. It 1s
the medium through which there occurs the mutual effects of pro- /18
cesses arising in regions of the Earth sometimes very far apart.
Data obtained from ground meteorological observation statlons do not
always detect all the processes which occur in the atmosphere and
affect weather formation, since the numbef of such sfations 1is

limited, and in a number of vast, Ilnaccessible regions of the Harth

there are very few or none at all. In addition, for weather ™ §
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forecasting it is necessary to know the state of the atmosphere, not

only at the surface of the Earth, but also at varlious altitudes.

The use of aviation and meteorological rockets has increased the
overall information, of course, but it is also limited in its possi-
bilities, and deces not represent the state of the entire atmosphere.
Space technology can help here. It was found that meteorologilcal
information obtained from space is not only more extensive, but also

implies a new quality extremely valuable for forecasting — it gives

Figure 2. Rocket with "Soyuz" space-
craft at launch

a representation of atmospheric processes occurring over the whole
planet. Essentially, photographs taken from space in the visible

or infrared region of the spectrum are unique records of the Earth's
weather. Scilentists consider that the store of knowledge which

could be obtained just from images from space of the Earth's cloud
cover would even exceed the iInformation obtained by any other ground-
based methoeds. With the aid of automatic equipment placed on arti-
ficial Earth satellites, weather service is provided over television
channels with extensive and very valuable information about the state
of the Earth's atmosphere. However, such minute details as obtained

on photographs by the cosmonauts have not been successfully obtained
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by automatic methods. But some detalls are of significant value for
detecting atmospheric proceéses assoclated, for example, with the
formation of cyeclones, tropical hurricanes, increased air turbulence
on airline flight paths, etc.

Much experience in using space data in weather service has been
accumulated cver the years in which space metecrology has exlsted.
Meteorologists have noted that the particularly valuable quallty of
meteorological information obtained during visual observations by the
crews of manned craft and stations lies in the fact that valﬁable
information reaches the Earth quickly, and in a form convenient for
rapld application. Cosmonauts not only give the general character-
isties of the observed phenomenon (size, intensity, shape, coclor),
but also report quite accurate information on its locatlion and

direction of motion.

Meteorological observations from space were essentially started
by Yu. A. Gagarin, who reported during his historic flight that not
only could he easily distinguish coastlines, islands, large rivers,
large reservoirs, geologicai features, field sdquares, but he could
also easlly see clouds and even their shadows on the surface of the
Earth. These data, which were completely verified by the results

of later flights of Soviet cosmonauts, served as a basls for includ-

~
o
i_l

ing in the flight program for the crews of manned craft special tasks

from the Hydrometeorological Service 1n observing a number of weather
phenomena. Thus, the commander of the "Soyuz-4" craft V. A. Shatalov
observed, on January 15, 1969, a strong cloud vortex associated with
a deep cyclone over the Aflantic off the west cost of Europe. On
January 17, 1969, the commander of the "Soyuz-5" craft B. V. Volynov
observed iightning flashes and a strong thunderstorm over South Amer-
ica, On January 18, he also saw a thunderstorm off the southwest
coast of Africa. Over the Indian Ocean, Volynov cobserved an 1lnci-
pient tropical cyclone. The results of his observations were well-

timed for study by meteorcloglsts and forecasters.



Figure 3. Crews of "Soyuz-4" and "Soyuz-5":
Ye. V. Khrunov, A. 5. Yeliseyev, V. A. Shata-
lov, and B. V. Volynov

Cosmonauts G. S. Shonin
and V. N. Kubasov, on the
"Soyuz-6" spacecraft ob-
served the tropical strom
"Jennifer" off the coast of
Mexico, and the crew of
"Soyuz-7" reported the gen-

eration of a cyclone off the

coast of Cuba, in which they

antlcipated ground-based

Figure 4. "Soyuz-U4" and "Soyuz-5"
spacecraft. Creation of experi-
On "Soyuz-9", cosmonauts mental orbital station

weather service by a day.

V. I. Sevast'yanov and A. G.

Nikolayev carried out nearly 20 meteorologlcal observations with
transmission of their data to Earth. On June 3, 1970, they detected
a tropical cyclone 1n the Indian Ocean and transmitted its coordi-

nates to ground services. Two days later, they observed the same
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cyclone in the bay of
Bengal. Dust storms were
easily seen in Afghani-
stan and Iran, and strong
thunderstorms — in
Africa and in North Amer-
ica in the Great Lakes re-
gion. Thunderstorms were
observed particularly
clearly on the dark side
of the Earth.

Figure 5. Cosmocnauts A. G. Nikolayev

and V. I. Sevast'yanov given an inter-
The complex hydro- view to journalists before the launch
of "Soyuz-9" spacecraft

meteorological experi-

ment performed durlng the

188th orbit of "Soyuz-9", in which the scientific-research craft
"Akademik Shirshov", the "Meteor" satellite, and the crew of the
spacecraft took part, is of interest. 1In the course of this experi-
ment, simultaneous measurements were made of the characteristics of
the atmosphere at varilous altitudes over the western part of the
Indian Ocean. The automatic equipment of the "Meteor" satellite
took telephotos from an altitude of 600 km. The cosmonauts made
visual observations and photographs from the altitude of thelr orbit
(230 km). At lower altitudes, recordings were made from a meteoro-

logical rocket fired from the "Akademik Shirshov". Finally, various

measurements were alsc made at the ocean surface on the craft itself.

On June 15, A, G. Nikolayev and V. I. Sevast'yanov took a
serles of interesting photographs of cloudiness, several of which
attracted the attention of sclentific metecorologists. One of them

depicted a cloud accumulation over the Atlantic Ocean, 500 km from

Ascension Island, which indicated the generation of a strong tropical

cyclone in thls area.

In one of his transmissions toEarth, A. G. Nikolayev reported

seeing a cyclone approaching Novosibirsk. This warning was used at
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once in the operational weather service, and had a significant econo-
mic effect. A large number of meteoroclogical observations with data
transmission to Earth were made by the crew of the orbital station
"Salyut". On June 19, 1971, the cosmonauts noted a strong dust storm
on the southwest coast of Africa. On June 20, they discovered and
photographed a cyclone in the reglon of the Hawalilan Islands. On
June 22, they observed a cyclone in the Indian Ocean, and reported
its coordinates to Earth.

The importance of meteorological data from manned orbital sta-
tions lies in their effectiveness — data arrive about the state of
cloudiness over the various continents and oceans almost simultane-
ously, or, in any case, on the same day. In addition, the high re-
1iability of the information recelved from the cosmonauts is very
valuable, for example, man can distingulsh thunderstorms from any
other phenomenon with much greater likelihood than an automatic de-
vige. Conséqmently, the reports of the cosmonauts hardly ever need
be checked, which, of course, save the tlme and equipment used by
specialists on Earth. In addition, when meteorology specialists are
included in the crews of manned space stations (and such a time is
not far off), then the role of these statlons in Weather'forapasting
should Increase even further. Experienced specialists included in
the crews of orbital staticons can carry out significant work on im-
proving the present and déveloping new methods of weather forecast-
ing, in addition to gathering actual data on the state of the at-
mosphere in varlous regions of the Earth. Cosmonauts observing the
surface and atmosphére of the Harth can effectively recognize develop-
ing atmospheric and oceanlc phenomena, and can give timely warnings égi

about them to the ground weather service.

Advance information is particularly important about phenomena
having the nature of natural disasters — cyclones, hurricanes,
typhoons, waterspouts, dust storms, tsunamis. A féﬁ;words about
predicting tsunamis — gigantic ocean waves 20 - 30 m in height,
formed as a result of underwater earthquakes or volcanic eruptions.

They produce inundation and terrible destruction along the coasts.
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Particularly great damage was produced by a tsunaml along the Pacific
coast of the USSR. Scientists have calculated that destructive
tsunamis have attacked the cost in this region an average of every
three years during the past 20 years, and weaker ones are observed
yearly. Losses to the natilonal économy due to tsunamis have been
estimated at millions of rubles; thus, timely warnings about them
are very important. Contemporary methods for tsunami forecasting
are poorly developed, and have low reliability. The time which 1s
available for the population to take necessary measures isjnow 10 -
40 minutes. It is obvious that in such cases, increasing the time
reserve by even a few minutes is of very great value. If 1t proves
to be possible to determine the moment of tsunaml formation visually

from a space station, this offers a time reservejup to 1 - 2 hours.

Both the systematic daily observations of cloudiness and the
surface of the oceans and dry land, and alsc periodic surveys of the
Earth's surface conce or twice a month, are of great value in space
weather service. The organizaticn and frequency of meteoroclogical
observations from an orbital station can be quite varied. Some forms
of observation are most valuable for short-term, others — for long-
term weather forecasting. The picture observed by the cosmonauts can
be taken visually or photographically on still and movie film. In]
the later case, information from the film can be transmitted at once
to Earth for processing. Collection of the meteorological 1nforma-
tion occurs almost automaticaily, but under the control of the cos-
monaut. He selects which part of the visible picture needs to be
taken, determines the best photographic scale, spectral region, and
form of the photograph (still or movie, black-and-white, or color
film, spectral region in the case of spectrozonal film). Part of
the pilctures the. cosmonaut can transmit to Earth; the rest he cannot
transmit. This relieves the data transmission telemetry channels
(which in 1itself is of great vélue) from the station to Earth, and

ensures transmission of the most valuable data.
"All the above indicates that the economic effect of including

data obtained continucusly from space in the weather forecasting

servlice can be very great.
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American specialists have estimated that increasing the accuracy
of long-term weather forecasting and the early warning of the time
and place of natural disaster formation with the help of space tech-
niques will save about 2.5 billion dollars per year to the economy.
This total combines separate economic effects in variocus areas. They
calculate that improved hurricane forecasting would save about one
pillion dollars per year in the construction of new buildings, 500
million dollars due to timely protection of fuel stocks and energy
systems, 500 million dollars due to timely crop salvage, and 4oo -
500 million dollars due to the preservation of livestock products,
herds of farm animals, etc. [6]. The totals are impressive. And

this is fdr just one country!

Thus, the followlng basic directions of cosmonaut activity in

the interests of meteorclogy have already been planned:

effective notification of ground services about the visual

picture of the terrestrial cloud cover;

development of techniques for recognizlng weather-forming fac-

tors and processes;

visual study and recording of the state of the atmosphere at
high aititudes

development of the relationships of atmospheric processes, study
of the dynamics of their changes, classification, compilation of
standard catalog, ete. Of course, cosmonauts can observe various
~ objects on the Earth's surface. For various branches of the national
economy, it is important to know the current boundary of melting

snow, the dimensions of flooded territory caused by overflowing

~
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rivers, areas of lakes, artifleial seas and reservoirs. Agriculture,

|

forestry, hydrology, fisheries, power engineering, and other branches
are interested in these data.
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In June, 1970, the attention of specialists was drawn to the
reports of the Soviet cosmonauts A. G. Nikeclayev and V. I. Sevast'-
vanov from "Soyuz-9" that they had twice observed snowfall and its
melting over a vast territory in southern Chile and Argentina and
in the area of Tierra del Fuego. These data suggest the interesting
possibility of improving the precipitation observation service by

using data obtalned from the cosmcnauts.

Among the possible methods for obtaining information about ob-
jects located on the Earth's surface, photographing these objects
from space is presently the most valuable. As scientists have stated,
the high image resolution and the possibility of obtailning color ‘
photographs or photographs in individual narrow spectral regions have
acquired exceptionally important value for detailed interpretation of
space photographs for a wide gfoup of'earth sciences, and also geo-
botany, agrobioclogy, and other research. The practice of space
photography has shown that photographs of the Earth taken by the

cosmonaufs satlsfy fthese requirements very well.

Color photographs of any portion of the Earth's surface covered
with more or less fine detalls can tell the specialist a great deal.
Even an inexperienced péﬁson can easlily distinguish by coleor, fér
example, a snow-covered area from a freshly-plowed field or a green
coniferous forest from the yellow-red autumn deciduocus. If the 1mage
is considered not in the visible but in other spectral regions of
the radiation from the surface, data with even more valuable proper-
ties can be obtained. For example, temperature differences on the
Earth's surface can be determined from an image in the infrared.
Such images are essentially thermal maps of a locality. Obtaining
images of Earth wilth devices sensitive to thermal radioemlssion (the
so-called passive radar method) is even more promising than cqlor
photography, since thermal radicemission pésses freely through

~
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clouds and, thus, ﬁpotographs can be taken even with solid eloudiness.

S N _ |
The more diversifled the apparatus recording the various spectra

of radiation from the Earth, the more extensive the inforamtion about

its surface. With the help of such apparatus, cne can obtain T
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Spectrograms — photographs of portions of the Earth's surface 1n a

strictly specified frequency range.

0f course, for this purpose, ordinary photographié equipment

will not do. It is necessary to have a special device — a spectro-
graph recording the object briightness at a definite wavelength of
the radiation emitted from the surface of the Earth. If the wave-
length taken by the device varles, then several photographs of the
same object in different light are obtained. It is found that each
zche of the terrestrial surface hés its own reflection spectrum —
forest, steppe, stony desert, sand dunes, lakes, rivers, etc., With
the help of spectra, one can investigate the dynamics of the change
of snow cover in mountains and on'plains, study the distribution of
ice in the pelar seas, the ftemperature of the cocean surface, ocean
currents, the distribution of vegetation, and the state of various
agricultural cultivations. Of course, for the tectal realization of
the possibillties in using space spéctral photographs, one stlll has
tc solve a whole serles of problems. One is, for example, fto obtain
a file of standard spectra for facilitating the identification of
images obtained from space. For this, it would be most effective to

carry out complex experiments with the simultaneous recording of

Bpectra cobtained as a result of ground, aircraft, and space observa-

tions over portions of the surface with well-studled spectral char-
acteristics. Such a complex experiment was performed, in particular,
duringrthé_flight of "Soyuz-9", when photographs were obtained of the
so-called polygonsections in thé regions'of the northern Caucasus,
Caspian and Aral Seas, Kazakhstan, western Siberia. An analogous
experiment was alsoc performed by the crew of the orbital station
"Salyut". The coastal regions of the Casplan Sea were used as the

polygon.

PMurther, with increasing experience and the necessary data on
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standard spectra of the Earth's surface, new possibilities open up
for agriculture with the help of information coming in from the

space stations. Even now, there is no doubt of the possibility, in
principle, to determine from space the average degree of crop ripe-

ness and to estimate the harvest in large masses of flelds. One can
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even detect ﬁith spectra, portidnéxwith diseased or pest-infested
plantings. Of course, much work has to be done to develop the re-
lationships of spectral changes in crops, the spectral differences
between cultivated crops and weeds, and to develop the necessary
apparatus. In principle, the day'is not far off when various types
of agricultural work can be performed at a time determined by con-
sultation with the crews of orbiltal stétions. It is likely that
such agricultural organization is possible not only within a single
country, but will be used with other states — to Pbegin with, the

Socialist countries — participants of the CMEA.

The crew of an orbital space station can soclve very lmportant
problems in forestry. A particularly acute problem here is the pre-
vention of forest fires as a result of which hundreds of thousands
of hectares-of forest are irrevocably lost. Significant material
means are spent to pfevent forest fires. . As in all fires, fTorest
fires are difficult to extingulsh when they envelop large areas.
Thus, the basic problem of fire prevention 1s early warning, and
‘determining the area enveloped by the fire and the direétion of mo-
tion of the fire. These problems can be solved by crews of] orbital
The seats of fires are clearly detected from orbital spacecraft,
particularly on the night side when the craft is in the Earth's
shadow.  For example, A. G. Nikclayev and V. I. Sevast'yanov, dur-
ing the 18-day flight on "Soyuz-9", repeatedly saw fires in the
Siberian taiga, forests of Africa, Australia, South America, and
feported them to Earth. Analogous reports have also been made from

other Soviet and American spacecraft.

The application of space techniques apens up great possibilities
in ocean fishing. There is a range of problems here to be solved by
cosmonauts on orbital stations, very broad and varied. This is the

detection of fish habitatlons in the.open ocean, their migrations,

~
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ete. Many problems, such as compilation,of fishery charts, can be
successfully solved by automated satellites. However, effective
information for the whole fleet or for individual groups of ships,

estimates of the fish harvest in licensed regions, and work requiring
-
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high accuracy can be effectively carried out by crews of orbital

stations.

The Soviet fishing fleets now extract more than 5 million tons
of fish and other ocean products from all the seas and oceans of our
planet. The catch increases each year. For this, fishing vessels
are obliged to go into open water areas ever farther from shore and
require ever greater time to get there. It is obvious that with
such a production method, fishing has become prospecting for fish-
rich regions of the oceans. However, prospectling for flsh reserves
is now an extremely complicated and expensive measure. This 1is ex-
plained first by the fact that the total area of regions for pro-
specting in the ocean 1s very large —- more than 300 square kilo-
meters. If informatlon about fish habitats were to be collected from
such an area, even 1f only once every two or three weeks, several
tens of thousands of specially equipped vessels would be required.

Spacecraft can resolve most of these problems.

There .is no doubt that, in the near future, the.application of
space techniques for fishing will not only increase signiflcantly
the effectiveness of existing caﬁch methods, but also introduce es-
sential changes in these methods. The cosmonauts will play a large
role in this work. It is also possible that oceanologists and ich-
thigiégiéfé — gpecialists in the study of the resources of the

world's oceans — will be included in the crews of orbital stations.

The fact that almost all ocean products are concentrated in the
surface layer to a depth of about 50 meters favors the study of fish
congregation regions from space. The habitation conditions of food
supply, water, temperature, etc., are most favorable for fish in this
layer. It is well known, firstly, that the distribution of fish in
the ocean depends to a significant degree on the state of the water iig
masses. The inhabitants of the ocean preferi those water layers
where water masses of differing temperatures are in contact, and
this is easily observed from space. Secondly, fish and other organ-

isms excrete all sorts of waste products into the surrounding medium,
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among which are speclfic fats which float on the surface of the sea
and are sharply distinguilishable by their spectra from the background
of clean water. The detection of fish congregationsrin the open sea
by the type of spectra can be comparatively simply and guickly organ-
ized with the applicaﬁion of spectrographic methods. Thus, since the
spectra corresponding to different species of fish differ, it is pos-
sible to determine at once not only the location of fish, but also
the species. This eases the work of fishing even more and yields

additional economic benefits.

One can mention several types of work for the cosmonauts in the
interests of national economy. Among these are improvement of mineral
prospecting methods, the solution of unusual fechnological problems,
and the accomplishment of some industrial processes. For example,
under weightless conditions, 1t is possible to fabricate balls for
bearings, among|them even hollow, from any material and of practically
- perfectly spherical shape. Welghtlessness and the ébsence of thermal
convéction on board an orbital station are unusually favorable con-
ditions for producing a number c¢f new materials in principle, such
as foam steel and alloys of various metals with themselves and with
nonmetals., There are gréat prospeéts in space for the productiocn
of lenses and mirrors of particularly high precision, for the pre-
paration of particularly valuable drugs based on mixing various sub -~
stances. New "space" methods and processes for proceésing various
materials based on the use of electrostatic fields, capillary forces,
and forces of surface tension, friction, etec., can lead to the crea-
tion, in a number of branches of industry (instrumental, pharmaceuti-
cal, metallurglical, chemical) of special "space" laboratories and
workshops, beglnning, obviously, on an extremely limited scale. One

can consider the beglnning of this as having taken place with the

S
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Soviet experimental device "Vulkan", with which cosmonaut Vv, I,
Kubasov accomplished vacuum weldihg of metals on board "Soyuz-6" in
October, 1969.
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Laboratory in Space

In the overall scientific research program for the study and
utilization of space, an 1lmportant and responsible role is played. by
experimental research performed directly in space. Experiments car-
ried ocut by the cosmonauts on board spacecraft and long-term orbital

stations are of great Interest in this respect.

The ability of the researcher to move about in space does not
indicate simply a widening of the sphere of scientifiec activity. A
large number of problems as yet unresolved under terrestrial condi-
tions can be solved with experiments 1in space. Weightlessness and
the absence of the atmosphere contribute to this. In additlon, new
relations, phenomena and processes unknown on Earth are developed
while carrying out research on board space laboratories. These new
discoveries and results are capable, llke a cétalyst, of accelerating
by many times the development of a number of sclentiflec directions.
Por example, due to the opening pessibility of performing experiments
right in space, space physics, astrophysics, and radicastronomy have
changed their appearance in a short time, and space biology and medi-

cine have arisen.

The results of the flight of the long-term Soviet orbital craft
"Soyuz-9" is representative in this reépect. A large number of di-
verse problems were included in its flight program, among which, to-
gether with testing new forms of space techniques, were the following:

investigations of the possibilities of the crew to perform vari-
ous tasks during long interaction with space flight factdrs and study
of the readaptation process (transition of man from weightlessness

for many days to terrestrial gravitational conditilons);

accomplishment of a broad complex of selentific, technical, and
medical-biological studies and experiments, and also further develop- /32

ment of technliques in performing work in space in studies of the

natural resources of Rarth.|
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During the flight of "Soyuz-9", its crew performed more than 50
experiments using more than 60 different types of sclentific appa-
ratus. FEach experiment was carried out in practice several times in
order to obtaln more reliable data. During flight, more than 1000
photographs of the Earth's surface, atmospheric meteorological forma—
tions, the daytime horizon of the Earth, atmospheric halo of its twi-)
light horizon and water surface (photographs of various scales 1n
black-and-white, color, and spectrozonal film) were ftaken and then
transmitted to Earth. About 200 spectrograms of the atmospheric halo
of the Earth and the underlying surface were obtained. Visual astro-
nomical obserﬁations of stars, the Moon, meteors, and some planets

were made [T7].

On the whole, the data obtained by the crew of "Soyuz-9" is, in
the opinion of representatives of the various scilences, of enormous
scientific value, and is presently being studled with déep intérest.
In particular, the results of these investigations and experiments
lead to'more.precise.calculation of the altitude brightness proflle
of the horizon and atmosphere, improvement of data on the physical
characteristics of space and the uﬁper layers of the terrestrial at-
moaphere, deeper understanding df the possibility of man living and

working fruitfully with long-term weightlessness.

The observations of A. G. Nikclayev and V. I. Sevast'yanov of
the daytime and twilight horlzon are very interesting. They analyzed
in detall the haze effect which "washes out" the edge of the horizon,
observed by all the cosmonauts in preceding flights. The cosmonauts
noted that the cblor of the haze 1s not uniform, but depends on the
lighting conditions and the degree of cloudiness. If the observation
i1s made over the ocean when it is covered with clouds, the horizon
over 1t has a-whitish-gféyish color, and if the sky is cloud-free,
then the horlzon 1s bright blue. Along the vertical, the color of
the horizon changes from light blue to deep blue, then changing into
the blackness of space.

During observations of the night and twillight, horizon, the cos-
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monauts noted that a bright band, somewhat diffuse, is separated at
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the edge of the horigon. At an altitude of approximately 115 km from
the horizon of the Earth, they saw a bright luminous layer, grey in
color with a slight pinkish hue — a thin luminous "torch". This
phenomencnjhad not been observed by anyone before the crew of "Soyuz-
g". It is of great interest to scientists, and the results of de-
tailed studies carried out by Soviet cosmonauts of the characteris-
tics and properties of this phenomenon have definite scientiflc value.
The relation between the dimensions of the glow and the thickness

of the "torch" was observed, the altitude of the "torch" above the
night horizon, above the boundary of the twilight and night horizon,
and the angular distance petween stars and the "torch" were measured.
The passage time was determined for stars lying in a plane from the
"torch" to setting at the horizon of the Earth, and analogously for
rising stars. Besldes the discovery of the optical phenomenon,

which they called the light "torch", A. G. Nikolayev and V. I. Se-
vast'yanov first observed two more effects. At the appearance of

the first rays of sunrise, the dimensions of the space glow decrease
abruptly, by about 30%, which can be explained by the physiological
characteristics of the human eye.

The second effect was observed by the cosmonauts when the Sun
rose above the horizon by about 10°. At this instant, a light
areola appeared above the horizon, as if it had torn away from the
This effect, which the cosmonauts called the "moustache" effect, 1s
connected evidently with scattering and refraction of light in the
Earth's atmosphere [7]. The advantages of investigations of little-
known phenomena by cosmonauts, compared with experiments on automated
satellites, are quite evident in this example. The results obtailned
by man differ in the completeness of the data, the greater precision
of the evaluation, and immeasurably deeper study of phenomena which

the researcher encounters for the first time.
Analogous information could be presented about other scientific

experiments on manned spacecraft — for example, astrophysilcal, bio-

logical, or medical. The greatest preference has been devoted to
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these studies for some time in the cosmonaut flight program. There
is every reason to assume that interest in these directions of sclen- /34
tific research on manned laboratory stations will be maintained in
the following years. It is necessary to stress that, 1f the 1lnclu-
slon of medical and bioclogical research in the flight program of
manned craft is obvious, since to a significant degree the tests are
made on the cosmonauts themselves, then the increasing interest in
astrophysical experiments is explalned by the extreme scidntific ur-
gency of the problems of modern astrophysics, whose solution provides
great promise for extra-atmospheric methods of astronomical observa-
tions. The escape into space signifies a gqualitative Jjump for astro-

physics by which new results in principle can be obtained.

Such a judgment is based on the achievements in astrophysics
over the last 20 years, when numercus notable discoveriles (relict
shortwavelength radio waves, quasars, pulsars, discrete x-ray sources,
etc.) were made with new methods of ground-based observations (mainly
radio-astronomical). The results:of these discoverles produced an
essential change 1In the concepts developed earlier 1n science about
the structure and evolution of the universe, and about the laws of
transformation of matter in the world around us. Since almost all
these discoveries were made in proportion to the use of new means of
observation and recording, one can expect that the application of
extra-atmospheric astronomical devices placed on manned (and, perhaps,
on automatic) spacecraft will bring new advances in modern science.
In addition, undersfaﬁging the processes occurring Iin stars wlll ob-
viously solve onelof the most urgent problems of modern life — the
problem of energy. Explaining such a trend in modern physical re-
search by the objective necesgsity, which is combined in physics, the
well-known Scviet scientist L. A. Artsimovich has written: "If the
stellar world is constructed somewhat reasonably, then the transition
to the utlilization of new space techniques for observations in the
infrared, ultraviolet, x-rays and gamma-rays with the proper combina-
tion with traditicnal methods of optical and radicastronomy must lead

in time to such an "information exploslon" that we w1ll be forced to

S
(WS}

again subject many of the most fundamental \concepts of the structure

of matter to radical reconsideration". [8].

31



Thus, 1t 1s not by chance than an ever greater number of astro-
physical experiments are included in the flight programs of Soviet
manned spacecraft and stations, and the craft are equipped with more
and more sophistijcated and varied astronomical apparatus. Long-term
orbital stations are especially promising in this respect. The
great possibilities in the allocation of all kinds of devices and
the presence of highly gqualified research cosmonauts pérmit such a
station to funection as an actual extra-atmosphere astrophysical
laboratory.

Some important data on the structure of the universe and on the
chapaoteristics of many-objects in space far from us (gquasars, pul-
sars, etc) can be obtained by recording the electromagnetic radiation
from these objects. However, a large portion 1s absorbed by the tTer-
restrial atmosphefe. With onboard apparatus, the crew of a space
laberatory can record soft x—fays from various celegtial objects,
study the spatial distribut?on of iadiatibn of galactic and inter-
galactic origin, record ihfrared radiation from distant astronomical
objects, and analyze the radiation spectra of these objects.

In these investigations, as in the investigations to determine
the cosmlc ionizing radiation, the maln problem of the research cos-
monaut is to develop the technique for performing the experiment,
to adjust and control the instruments, to recognize the optimum

operating mode of the apparatus.

The success of sclentific observations by the cosmonaut also
depends to a significant degree on the physiological characteristics
of human vislon under conditions of spaée{fiight. Data to date indi-
cate great possibiiities in this direction. V. I. Sevast'yanov wrote
after his flight on "Soyuz-9": "If the Sun 1s not at the zenith,
then in one illuminator the surface of the Earth 1s perfectly visible
and one can recognize the continents by the landscape, and in the
opposite illuminator the Moon, not far from it — Jupiter and next
to it — Spica (Virgo) are visible in the black sky. On the day side,
one can identify Vega (Lyra), even when the spacecraft is i@fﬁ;ﬁ:}
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Thus stars can be observed in the background of the day sky, but are
difficult to identify without a star chart® [7].

The flight of American astronauts on "Apollo" spacecraft verified
the possibility of human observation of the most diverse astronomical
objects and at great distances from the Earth near the Moon. Thus,
1t was reported that the crew of "Apollo-9" observed Jupiter and four
of its satellites (Io, Europa, Ganymede, Callisto) and followed tele-
scopically the "Pegasus" satellite located at a distance of about
1600 km from the craft, and the launch stage of the lunar module of
"Apollo" at about the same distance.

The great problems of space blology and medlcine — the new
scientific discipline — have been formulated in the last few years.
Medidai and biological investigations in space are quite varied.

They are directed both at extending the problems connected with
long-term human syace flight and at studying the fundamental biologi-
cal questions: the role of gravitation and various temporal cycles

in the development of living processes in various organisms — from
the simplest to human, the influence on the 1living organism of pene-

trating radiation, and other forms of cosmic radiation, etec.

At first, when the cosmonauts were required only to verify the
pasic endurability under space flight conditions, even 1f only
briefly, medical experiments included mainly vestlibular tests, psy-
chological tests, and measurements of several of the most important
physiological indicators — respiration and pulse rates. With in-
creasing duratlon of manned space flights, the range of medical in-
vestigations has been eitended,-and the medical apparatus used for
recording the necessary information has been improved. Very inter-
esting results were obtained after the flight of the Scviet space-
craft "Soyuz-9", which indicated the possibility not only of long-
term stays of man in weightlessness, but also his resourceful acti-

vity under conditions of extended space flight.

A large range of medical 1nvestigations were also carried out

on the orbital station "Salyut". Multipurpose medical apparatus were

[
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placed on i%, including a multifunction medical device aiding the
study of the adaptation mechanism of the human organism to welight-
lessness. It took electrogardiogramé, measured arterlal pressure,
and evaluated the various phases .of heart activity. At present, an
automaﬁic device for taking blood analyses during flight has been
developed and successfﬁlly tested. A high-speed device for measur-
ing the density of bone tissue has also been produced. Apparatus for
measuring gas exchange, visual acuteness, muscle strength, etc., can

be used on spacecraft.

However, 1in spite of the great successes of space medicine,
many questlons remain as yet unclarified. In order to affirm with
certainty the possibility of manned space flights lasting several
months, a whole series of medical and biological problems still have
to be solved. Among them, the problem of creating artificial gravity
is central. There are now various points of view about the necesslty
of producing aritificial gravity on board manned spacecraft, but they
are all only assumptlons, until the physiological-effects caused by
weightlessness have been completely studied. PFor this reascon, specialr
tests and experiments to obtain the necessary medical data have been
included -in the manned flight program, particularly on the long-term
craft énd stations. Such investigations include, for example, taking
electrocardiograms, recording various physioclogical indicators at
rest and after measured physical stress, measuring the density of bone
tissue, studying the changes occurring in the cardiovascular sysftem
and in muscle tissue, and performing psychological tests. Great at-
tention is glven in long flights to the state and evolution of micro-
flora on the skin and hair and in the alimentary tract and respira-
tory organs. There is a fear that under the conditlons of extended

space flight, the state of the microflora can change in the direction

~
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of increasing numbers!of pathogenic microorganisms. Such a possi-
bility is indicated, in particular, by the illness of American astro-
nauts during the "Apollo" flights: Frank Borman with grippe and
Russell Schweikert with indigestion. If the doctors' fears are veri-
fied, then the development of special means for preventing infectious
illness amonhg the crews of long-term spacecraft wlll be required

in the future.
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If in purely medical investigations the cosmonaut is not so much
a researcher as an experimentee, then in biological experiments the
‘role of the crew is more creative. Fairly many such experiments have
already been perfdrmed. Various biclogical investigations were car-
ried out in practice on all the Soviet craft, beginning with the "Vos-
tok" series, and on the American "Gemini" and "Apollo" craft. The
universal blological object — drosophila — was sent 1nto space with
Yu. A. Gagarin on "Vostok-1". P. R. Popovich experimented with dro-
sophila and plants on "Vostok-4". V. F. Bykovskiy flxed vegetaticn
on "Vostok-5". In lQTO,'A.‘G. Nikolayev controlled the light access
to a test pilot of the unicelled algae, chlorella, on "Soyuz-9". In-
vestigations on the rate and nature of mﬁtations in drosophila,
chlorella cells, and seeds of higher plants have been performed on
the orbital station "Salyut". The technical equipment of the station
performed sxperiments with great precision. Drosophila, whose repro-
ductive characteristics under space [light cdnditions interested the
sclentists conducting this experiment, was placed 1n a specially de-
signed thermostat in which the condltions excluded the effect of
random factors. The participation of the cosmonauts in the experi-

ment ensured the increased reliability of the results.

The goal of another bilological experiment performed on "Salyut"
was to study the development of swamp frog tadpoles from the egg,
to investigate the effect of welghtlessness on the developmént of
the vesgtibular apparatus. Formation of the vestibular apparatus in
tadpoles occurs in about four days. The cosmonauts took into flight
with them fertilized eggs and from time to time, according)to a de-
veloped technigue, took samples of the eggs developing inAﬁeight—
lessness and fixed them with a preserving solution. The eggs were
delivered to Earth in this form for analysis by specialists. This
experiment, simple in form, 1s an important link toward the overall
goal of investigations of space flight factors, mainly weightlessness,
on the development and functioning of living organisms at wvarious

levels, among them at the cellular level,

Similar experiments were performed by the American astronauts
with sea urchin eggs.
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. The wide permeation of "space" investigation methods into the
most varied directions of modern science, often transforming‘the face
and broadening the content of these sciences, 1s one of the conse-
quences of the scientific and technological revolution of our times.
How revolutilonary, as well as frultful, the consequences of the
"spacification” of the traditional science have been can be shown
with, as an example, one of the most "earthly" sciences deeply con- Y
nected with out planet and its natural resources — not only by its
content but also by name — i.e., geology. The development of space
techniques and the broadening possibilities of their application in
the interests of scientific research has had a double effect on geo-
logical science. On one hand, an ever greater transformatioh of
geology into a general planetary science is occurring, studying the
general relationships of planetary structure and considering'a planet
as a single body consisting of gigantic geoclogical structures, for-
mations, and fractures. Geological research can be applied both
for the study of the composition of space materials — lunar and
Martian soil and materials of astercids and meteorites — as well

as for special geological or "planetological” surveys.

Methods to observe the Moon, Mars, Venus, and other planets
from space have now been developed and successfully applied. Such
surveys not only can reveal new details of planetary topography (for
example, craters were observed on Mars, analogous to those on the
Moon), but also serve the practical gcal of space sciencélby giving
more precise‘data about a planet before landing apparatus on 1it.
Thus, before the American "Apollo" carried astronauts to the Moon,
a detailed photosurvey was carried out of the landing sites with
automatic and manned craft flying around the Moon. This new direc-
tion of geology, or, more precisely, planetology, is wvery I1mportant /40
for the study of planets. The first samples of lunar soil fell, not
by chance, to geologists to study its composition. Among the scien-
tific equipment of the astronauts visiting the Moon, an important
role 1s played by geoclogical instruments — boring apparatus, geology
pick, a special scoop for collecting rocks, seismometers,'etc. It is
possible that speciai branches will appear 1n geology, together with

the "general planetary" direction, which will be devoted to_inaiVﬂdual
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the "general planetary" direction, which will be devoted to indi-

vidual celestial bodies — selenology, marsology, etc.

Another aspect of the effects of space science on geology is
connected with the possibilities of observing the Earth and its geo-
logical and geographical objects from space with automatic artifiecial
satellites and manned laboratories. This 1s also unusually promising
and very attractive in practical respécts, since it serves as a
baéis for producing new methods in principle for discovering reserves
of minerals and other natural resources on the Earth. Of course, it
is still early to talk about all the geological problems to be solved
by methods of observation from space. However, interesting data have
already been obtained. Some previously unknown effects assoclated
with processes occurring in the interior of the Earth and connected
with the formation of the Earth's magnetic field and other structural

anomalies iof our planet have been discovered with space methods.

Scientists conslder the information obtalned from orbital craft
and stations to be very valuable for the study of fectonic and mor-
phological structures of the Earth, for the determination of the in-
terrelaticon of geological méeroelements and for the study of the
motion of the Earth's crust and the form of the rocks in it. Data
obtalned during flights of Soviet cosmonauts have made a significant

contributicon to the development of terrestrial geology.

Of course, in prineiple, géological rhotosurveys of the Earth's
surface. can also be made from automated satellites. Butthis/is not
always effective. In the first place, the surface of the Earth is
frequently covered with clouds. If the satellite photographed con-
tinuously, then a large fraction of the photographs would be unsult-
able for geological analysis. Since the film supply on a satellife
is limited, it would appear that too little useful data would be
collected during 1its flightgh If it is specified that dnly the cloud- 1&;
free surface is to be photographed, then the automatic equipment of |
the satellite is more complicated and, consequently, ifs reliability

decreases.
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Figure 6. Group of Soviet cosmonauts at
the V. I. Lenin memorial in the Kremlin.

From left to right: V. A. Shatalov, V.

V. Gorbatko, V. N. Kubasov, A. V. Filip-

chenko, V. N. Volkov, P. I. Belayev,

G. 3. Shonin, G. T. Beregovoy, and A. S.
Yeliseyev

Man on board an orbltal station can solve this problem very
simply. He will select the most suitable parts of the Earth's sur-
face for photographing. He ensures the best quality of photographs
by selecting the optimum modes for photographing. In addition, the
advantage of man over automation in these studies includes the fact
that he can use the same photoapparatus for different purposes. For
example, photosurveys of such mountain regions as the Pamirs, Cauca-
sus, and Himalayas are of interest not only to geologists, but also
glaciologists, hydrologists, geodesicists, and cartographers. The
definite form of the photograph — its scale, spectral region and
size — willl be of the greatest value for each speclalty. To assign
a whole set of requirements to automation is not always possible
because of design, weight, or other limitations. Man can repeat the
survey of the same proportions under different conditions to ensure

pnotograpns of the greatest value.

Ever greater possibilities will be open to science, when sci-

entists can be included in the station erew. Then research
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geologists on board an orbiting laboratory will have unique condi-
tions for performing systematic and comprehensive studies of the
Earth's structure, and for improving methods of mineral prospecting.
Geological experiments were introduced in the flight programs of the
"Soyuz" series and in the "Salyut" station programs. Photosurveys

of geological formations on the eastern coast of the Casplan Sea were

carried out as early as 1969 from "Soyuz-6", "Soyuz-7'", and "Soyuz-8".

After a year, V. I. Sevast'yanov on beoard "Soyuz-9" took a large
number of photographs of geological and geographical objects in re-

gions of southern Eurcpean USSE, Kazakhstan; and western Siberia.

In additicon to the scientific disciplines\considered above, in
which some experience in the application of space techniques has al-'
ready been acquired, there are many divisions of physics, chemistry,
and other fundamental sclences where scientists have become ever more
interested in the possibilities to be revealed with the performance

of experliments beyond the Earth.

It is still difficult to fully evaluate, or even suggest, the
consequences of similar investigations. Evidently, many of the in-
vestigations will occupy a place for a long time in the flight pro-
grams of space statlons. In any case, there is no doubt that fufture
cosmonauts in the crews of orbital scientific stations will have

varied, difficult activities very necessary for sclence.

Tests of New Technology

Along with the sclentiflc and technical investigations and ex-
periments which the crews of spacecraft have pefformed in flight,
they have also been responsible for retesting new or improved -instru-
ments, systems, and mechanisms. Developing methods and procedures
of operation with apparatus in space, timing the performance of
separate operaticns, and evaluating the optimization of cabin and

control panel designs are also included in thils problem area.

39

~



The crew of a spacecraft begin to take part in tests long before
the space flight. This 1s because both the individual instruments
and systems, as well as the spacecraft or station as a whole, pass
Several test cycles in the factory shops and in laboratories. The
work of the cosmonauts is such that they themselves are the operators

performing the tests. Each member of the crew performs tests mainly

on that apparatus with which he will have to work during space flight.

Thus, already at the testing stage some speclalization among the {
crew members appears, which is maintalned 1n the subsequent stages

of preparation.

The crew also takes part in operations performed on models of
consoles, cabins, and control posts. Before the working drawings of
objects are produced, simulation is undertaken to obtain the optimum
arrangements and the optimum deslgn solutions. Comparison of the
different“design'sblutiohs 1s made with models, after which the best
one is selected. The crew alsc participates in the ground testing
of flight eqﬁipment: flight suits, standard and loaded, medical sen-
sor systems, ground emergency supply units, and in testing the qual-

ity of onbodrd food, drinking water, personal and toilet articles.

The crew partidipates in the complex tests of the spacecraft in
the final stages of its preparation. These tests have as their pur-
pose the ground "loss" of several flight situations, during which
all the systems actually function, aﬁd a multiple simulator creates
the complete illﬁsion of an outer space environment. During thils
time, the érew 1s inside the craft at their stations, and perform all
the same activitles which they will perform during actual flight. '

While conducting all the tests enumerated abpvé, the crew mem-
bers watch attentively for the accuracy of equipment functioning,‘
report their observations, and also acquire experlence in working
wlth the equipment, they deepen and broaden their skills, and become

acquainted with possible failures of the eguipment.

The space|flight itself is, in essence, also an operational

test stage, since present space tébhnology 1s of an experimental,
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not a commercial, nature. Under'conditions of space flight, the

crew continues to perform tests of space technology. The special

job of research engineers was introduced for this on the orblital sta-
tion "Salyut"; a more detailed account of this will be given in the
next section. However, one should not think that only the research
engineer 1s occupied with test operations and that his function is
limited to this. All the crew members are to some degree testers,

and they all participate in the flight control.

An especially large volume of tests was performed during the
flight of the orbital station "Salyut". The crew of the "Soyuz-10"
spacecraft, and later of "Soyuz-11 L worked mainly with techniques
not applied previously in flight. The flights of these craft can be
called test flights, although a large volume of tests was also per-
formed during other flights of the "Soyuz", "Voskhod", and "Vostok"

series.

After completion of the space flight, all the results of test
operations are delivered by the crew to Earth in the form of movie
films, entries in'onboard journals, recordings on magnetic tape, and
alsc in the form-of samples and specimens. These materials are
thoroughly processed by sclentists and englneers, appropriate re-
ports are compiled and conclusions are drawn. Then, these materials
will be used for the preparation of subsequent@jﬁ%ﬂﬁﬁ{]and are a
necessary condition for creating a reliably operating space tech-

nelogy.

Crew of the Sclentific Space Statlion

The flights of the "Vostok" series of satellites should be con-
gsidered as the gréatest triumph of Soviet manned cosmonautics. The
crews of these craft — from Yuriy Gagarin to Valeriy Bykovskiy —
have written a glorious page into the hlstory of cosmonautics. The
test nature of the flights stamped itself on the design of the craft
as well as the composition of the crews. All the "Vostok" craft are
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Figure 7. Cosmonaut
N. N. Rukavishnikov
testing new techno-
logy before flight

one-man, controlled, as
Figure 8. B. V. Volynov and A. S. Yeli-

a rule, by experienced . T
seyev 1n training

pilots who had entered

cosmonautics from avia-

tion. At that stage of space conquest, this was the most proper
solution to the problem, and is not explained at all by the "load
capacity" of the "Vostok", not permitting an increase in the number
of crew members: the "Voskhod" type craft, whose flights took place
later, were three- and two-man, although they were to a significant
degree modifications of the "Vostok" class craft. As already noted
above, at the first stage of man's conquest of space, man himself
along with the other systems of the spacecraft was passing flight
tests, so to speak. The tests performed showed that the professional
pilot, after special preparation, 1s sufficiently adequate to with-
stand the conditions of space flight.

But this was not enough. It was necessary to establish whether
a man not having professional pilot training could also work success-—
fully in space. Such a test was first undertaken in 1964 with the
flight of the three-man spacecraft "Voskhod" whose ecrew included, in
addition to commander colonel engineer V. M. Komarov, also a sclen-
tific worker, candidate of technical science K. P. Feoktistov, and
a doctor, B. B. Yegorov. Both crew members — doctor and scientific

worker — had no professional flight training, and passed only
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speclal medical selection and, to the necessary extent, preflight
preparation at the cosmonaut training center. The whole course of
the "Voskhod" flight and postflight analysis showed that all the

crew members withstood the condifions of space flight well. Thus,

it was established that, with proper medical selection and subsequent
Special preparation, representatives of various specialties can work
under conditions of space flight. This fact had very great signifi-
cance: the complexlty of space technology was increased, the role of
man in the control of spacecraft was Increased, ever greater and
greater numbers of sclentific experiments could be performed during
flights. One pilot was no longer able to perform all the planned
program and to attend to the operation of the multiple and complex
onboard systems. The presence of an onboard engineer was required,
who bbuld attend the operation of the systems, be responsible for

the accuracy of their operation, and find solutions in case a failure
ocecurred. Candidéte of technical science A. 3. Yellseyev on "Soyuz-5"
was designated as the first onboard engineer. However, even before
him, cosmonaut K. P, Feoktistov on "Voskhod" filled the role of on-
board englneer. Subsequently, the well-known consmonauts V. N.
Kubasov, V. N. Volkov, V., I. Sevast'yanov, and one of the authors

(N. N. Rukavishnikov) worked in the role of onboard engineer. All

of them had many years of experience in industry, and were experi-

enced and qualified engineers before entering the cosmonaut ranks.

Thus, the pllot-craft commander, whose function 1s to pilot the
craft and who carries the responsibility for completing the flight
program, and the onboard engineer formed the crew, who ensured the
flight and functioning of the spacecraft systems. In addition, both
crew members performed a definite volume of sclentific inﬁestigations

and experiments for the given flight.

However, with the increasing'numbef of experiments to be per-
formed, the necessity appeared of adding yet anether crew member who
would take on the maln part of the scientific and experimental work
in the flight. This third crew member recelved the designation,
research engineer. Thus, for example, cosmonauts Ye. N. Khrunov on
"Soyuz-5" and V. V. Gorbatko on "Soyuz-7" served as research
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engineers. The introduction of a research engineer into the crew
was a qualltative jump in solving the problem of spacecraft crew
formation. Crew formation took place somewhat differently for work
with the program of the
orbital scientific station
"Salyut", which carried a
large quantity of new sys=-
tems, new eguipment, new
scilentific instruments and
devices. The same can
also be said about the
"Soyuz" craft which played
a transport role for ser-
vicing the "Salyut" sta-
tion. The majority of the

new systems had not been

operated in space before

and, thus, there was the Figure 9. Cosmonauts V. N. Kubasov,
A. A. Leonov, and N. N. Rukavish-

problem of performing spe- nikov practicing stellar observations

cial flight tests of the

new eguipment. For this,

a new job was iIntroduced into the crew — the Job of test engineer.
Several experienced englneers having many years of experilence in in-
dustry were prepared for working in this job. Among them was Viktor
Ivanovich Patsayev, who carried out the flight tests of the new sys-
tems on board the "Salyut" sclentific station over a period of 23
days, and performed numerous sclentific experiments with the other

crew members.

One can mention in summing up that at present the crew of a
spacecraft or station has, as a rule, a fixed nucleus consisting of
a pilot commander and an onboard engineer. In addition, cosmonauts
performing various flight assignments are included in the crew. It
is important to note that crew preparation is conducted so that each
of the crew members can replace any other and perform his work. The

contemporary cosmonaut must be, i1f one can express it thus, universal.
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How do we imagine crews in the future? Of whom will the crews
of multi-manned orbital stations and interplanetary spacecraft con-
sist? It seems to us that cosmonauts from two categories will be
ineluded in these crews: command crew handling the flight and a group
of speciallsts performing the tasks of the given craft. Pilots, on-
board engineers, navigatoré, communications specialists and doctors
should be included in the first category. These specialists_should
ensure the launch of the craft, its flight in orbit, all the neces-
sary space maneuvers, and arrival of the craft in the assigned region,
maintaining conditions on the craft necessary for personnel opera-
tions and ensuring the high reliability of onboard systems by pre-
ventive operations and repaif.. Specialists performing work for the
purpose of the flight are included 1n the second dategory. This
picture is, without a doubt, very approximate. Real life will bring
significant changes in proportion to the complication of the pur-

poses and problems before cosmonautics.

Preparation of Cosmonauts for Flight

Control of contemporary spacecraft in flight, ﬁerformance of
scientific and technical experlments, carrying out preventive opera-
tions — all these are extremely complicated operations reguiring
great and versatile preparation of the crew. The following principle
is usually adhered to in compiling the crew preparation program:
each crew member must be able to control the spacecraft, to service
the regular systems of the craft, to carry out such operations as
maneuvers of the spacecraflt, descéﬁt from orbit to Earth. On the
other hand, each crew member must be specialized in some direction
in order to have the posslibillity of 1nvestigating more deeply the
problems which he will selve in flight. However, this specialization
‘assumes any crew member must be in condition to perform any programmed
work in flight. Thus, the quality of the performance will depend on
the gpecilalization of the cosmonaut.
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The constructibn of a preparation program by such a principle
leads to the fact that the contemporary cosmonaut mﬁst be a speclal-
ist of a broad profile, having solld knowledge about a large number
of disciplines from medlicine to astronomy. In addition, there are
a number of guestions which the dosmonaut must know exactly and a
number of operations which he must be able to perform sharply, auto-
matically. These are mainly questions concerning the devices and |
functioning of the important 1life systems of the craft and the con-
trdl operation by the craft and its systems'at varilous stages of fthe
flight. In connection with this, the flight preparation of the cos-
monauts cccurs in several stages. First of éll, there 1s the so-
called general space preparation which 1s conducted with personnel
who have not participated previously in space flight preparation.
This concerns preparation in such disciplines as mechanles of space
flight, space navigation, general principles of the spacecraft, mech-
anism, astronomy, géography, meteorology, space biolegy and medicine,
ete. As. a rule,'preparations'are carried out in the form of lectures

and practical experience, with subsequent passage of examinatlons.

The next stage of'preparation is the so-called technical pre-
paration. This étage begihs after crews are formed for work on a
particular program, for example, on the program of the orbital sta-
tion "Salyut". At this stage, the future flight participants become
acquainted with the material. The studies are in the form of lec-
tures and seminars, and are conducted by leading specialists in the
various spacecraft systems.' In addition, practical studies are con-
ducted with the cosmonauts at enterprlses fabricating the separate
assemblies and instruments of the spacecraft, at assembly shops,'ap
test stands and test areas. The future space flight partiecipants
take part in the design of systems, the éompilation of flight pro-
grams, onboard flight documentation, and are present at technilcecal
conferences. This stage of preparation is alsc concluded with

examinations.
At the same time, the crews study so-called space flight pre-

paration. Here studies are related to varlous types of trainers and

test stands simulating future space operations. As an example of
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such test stands, one can cite the manual craft orientaticn stand
simulating the dynamics of spacehfaft moticn by means of an analog-
digital computer complex, or the stand for manual control of the
approach of a transport craft to the orbkital station. The number of
test !stands on which flight preparations are carried out can reach
several dozen. The space flight preparation stage should include
training flights on aircraft, parachute jumps, working out crew
activities after the spacecraft landing on ground or water under
various climatic conditions. However, the basic form of study in

the space flight preparation stage is tralning on the so-called com-
plex trainer. Thils installation is an exact copy (model) of the
spacecraft for the flight on which the preparation is intended. On
this model of the craft, simulation of all the control, signal and
indicator systems, and simulation of the space environment around

the craft are provided. The one at the cabin controls in this frainer
can observe the Sun, the Stars and the Earth's surface in the cabin
illuminator. Engaging the manual orientation system, for example,
and turning the position conftrcl knobs, all the objects observed in
the illuminator begin to move from the same positions and with the
same speeds as would occur in actual flight. During studies on space,
the crew work ocut all the basic operations to be performed in flight,

from launch to landing of the spacecraft.

The medical and biologicai preparation of the cosmoﬁauts should
be considered separately. Hegular periodic medical examinations,
training on special stands, determination cof the behavi@f}of the
organism to uncomfortable'conditions and special medieinal prepara-
tions are related here. One should alsc include here crew prepara-
tien to work wilith special means permitting endurance of space flight
conditions cover long time peridds. Such means, for example, are
various types of loaded and training sults, runnlng track stands,
means of personal hygiene. In addltion, 1t is necessary to study
methods of self- and mutual aid, and also onboard recording medical
apparatus and radiation dosimetry control apparatus. The crews also
pass examinations for this section of preparation. For the duration

of all the'stages enumerated above, the crews go through increasing
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physical preparation.

Its basic purpose 1is to
ensure the harmonious
development of the entire
human system: trained
muscles, sufficient en-
durance, sound hearts,
and a high mental voli-
tional quality. This
form of preparation is

carried out by experi-

enced gymnastic instruc-
tors at special sports Figure 10. Preparation for medical
centers having all the tests in pressure chamber

necessary equipment.

In conclusion, one more important stage of preparation should
be discussed — preparation for performing scientific and technical
experiments and investigations in flight. This stage is an extremely
significant object of study. For example, about 100 sclentific ex-
periments were performed on the "Salyut" station. If one considers
that almost every such experiment has 1ts own apparatus, program, and
performance technique, then the whole extent of the preparation which
is necessary for the cosmonauts to go through in order to study all
the experiments becomes obvious. At this stage, the cosmonauts have
close contact with the scientists who have worked out these experi-
ments. The cosmonauts study on learning devices and stands, attend
lectures, leave for preparation at various sclentific organizations,
spend much time in observations at various observatories, take part

in compiling and formulating the onboard operational documentation.

And finally, at the conclusion of all the preparation the crews
pass the following test — the so-called complex examination train-
ing. This training is conducted on a complex trainer, lasts several
hours or tens of hours, and includes performance of all the main
stages of flight, i.e., the flight is played back on Earth in its

main stages. The flight conditions are simulated as completely as
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Figure 11. Crew of "Soyuz-10" space craft, A.3. Yeliseyev,
V.A. Shatalov and N.N. Rukavishnikov.

possible, except weightlessness which cannot be created on Earth.
Performance of this training flight is controclled by the state com-
mission on whose instruction various types of inaccuracies simulating
possible failures in flight can be introduced into the normal opera-
tion of the trainer. The crew is obliged to record these inaccura-
cles, locate, and find means for controlling them.

After successfully completing the complex examination training
and after passing examinations in all the necessary disciplines, the
state commission judges the preparedness of the crew and its clear-
ance for space flight.

It 1s evident that, since the present extent of preflight pre-
paration for cosmonauts 1is extremely great, only thoroughly prepared,
physically developed, well-trained specialists of a broad profile can
successfully cope with it. However, there i1s no doubt that in the

future, with the improvement of space technology and with easing of
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conditions of spacecraft activity, not only professional cosmonauts,
but also sSclentists of various narrow directions, will be able to
participate in space flight. Then, evidently, the extent of pre-
flight pneparation will be reduced, and the composition of pfeparq-\
tory studies and training wili be changed.

A View Into the Future

Manned space,facilities will,:evidently, he developed along
three main directions: long-term orbital statiohs, multi-man bases
for thorough study and utilization of the Moon, and long-range space- §
craft ihtended Tor expeditions to Mars, Venus, and other planets of
the solar system. We will‘conélude our narrative with a short survey

of these directions.

Orbital base stations. The launch of the Soviet long-term or-

bital station "Salyut" in June, 1971, signaled the beginning of a

new stage in the development of cosmonautics — the stage of the
utilization of circumterrestrial space and the thorough investigation
of Earth from space. Academician B. N. Petrov haé said\that, if the
possibility of human flight into space and work there was shown in
the first decade, then the second decade will be a period of system- /56
atic investigations with the help of orbiting space laboratories.
Actually, 1t is impossible to proceed to the utlilization of the Moon
and deep space without solving a number of immediate "terrestrial”
problems and without creating and developing new examples of space
technology in c¢ircumterrestrial orbits.

It is obvious that both the Soviet orbital station "Salyut"
and the American station "Skylab", launched into orbit in May, 1973,
are only a few of the first steps to the conquest of circumterres-
trial space. Future orbital stations will be quite unlike contem-
porary spacecraft. PFirst of all, they will be multi-man. Their crew
will consist of a command crew maiﬁtaining the onboard service sys-

tems and providing necessary maneuvers, and groups of specialists
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solving scientific and natlonal economlc problems. The command crew
of the statlon, besides the crew commander, will include 2 - 4 en-
gineers, speclalists in electronic systems, life support systems,
radictechnicians, and the other onbcard systems. In addition, it is
possible that a doctor will be included in the crew to perform medi-
cal examinatibns and to render necessary aid. The scilentific group,
headed by a. scientist-director of the whole secientific program, will
include 10 - 15 specialists in varlous branches of science and the
national economy. At first, the functions of crew commander and
scientific director of the flight will be performed by one person,
who remains on the statioﬁ; thé remaining crew members will change.

The relief rate will vary for the different specialists.

The outward appearance of the orbital station will change in
comparison to present craft. There will be several separated rooms,
each being an independent laboratory: medical and biolegical, astro-
nomical, technological, meteorological, etc. Research cosmonauts
will perform planned experiments in these laboratories, either per-
sonally, or with the help of automatle scientifie apparatﬁs for whose
mainfenancé they are responsible. It is assumed that special living
" quarters with sleeping rooms, crew stateroom, and living rooms will
be built into the station for rest, sleep, eating, and performing
hygienie and physical cultural procedures. Thus, the future orbital
station will perform the functions of a space science centef, having
separate experimental laboratories and installations. Some labora-
tories can be completed in the form of separate independent modules
which can depart from the main base-station, move to another trajec-
tory, and return to base after.completing the specified cycles of
tasks.

There can be not only scientifile laboratories, but also technl-
cal and even technological modules in the orbital scilence center.
Thus, one of the modules could be adapted for developlng and testing
units, systems, and, perhaps, even whole sectiOns for prospective
spacecraft, for example, interplanetary. Fitting the test module

with sophistikated measiring techniques and participation of
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experienced test engineers in the testing will significantly accel-
erate the finishing process for new space systems to the necessary
high quality, and eliminate the necessity of systems testing by
other manned craft.

It would also be suitable to have in orbit a manned module 1in
which 1nvestigations could be carried out to determine the optimum
conditions for utilizing space téchniques and periods for carrying

out preventive and control operations.

A fixed scientific station in an Earth orbit will ensure direct
'participation of many scientists in the investigations, since the
" teams] of speecialists can be repeatedly renewed. With the help of
transport craft, the scilentific equipment can be replaced, the supply
of products, technological materials, photo- and movie film, etc.,

can be replenished.

There 18 no doubt that, to maintaln a high level of research,
the professlonal cosmonauts will also be replaced by backups and will
be sent to Earth for rest. It is probable that the time will come

.
oo

when all qosmonauts will begin théﬂr practice of space operations on

orbital stations as backups for the main command or as trainees.

Lunar bases. Long-term lunar bases will be created on the sur-

face of the Moon for solving the'problem of its utilization. Only
processing of observation materials, preliminary study of lunar-soil
samples, communications with Earth, and rest will take place on the
base. The main work of cosmonauts on the moon will be to carry out
geologic, geodeslc, and cartographic surveys, and to study the soil
and the structure of the lunar surface. In addition, astronomical
observations of the Farth, Sun, and other celestial objects will be
included in the study program at the lunar bases. Observations of
the Earth from the moon will supplement significantly the data ob-
tained from orbital stations. Both ordinary astronomical devlges,

as well as radiotelescopes on the surface, can be used for this.
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Besides scientific in-
vestigatlions, the lunar
base crew will have to work
on the construction of vari-
ous facilities on the sur-
face of the Moon. Ini-
tially, the construction
material will come from
Earth in the form of assem-

bled constructions and

pellicular panels. It 1s
assumed that wide use of Figure 12. Plan of long-term multi-
inflatable construction location lunar base (USA)
will be found in the lunar
facilities, since the durabllity requirements on the moon are signi-
ficantly less in view of the smaller force of gravity, compared to
Earth, and the absence of wind and other loads connected with an

atmosphere.

Later, lunar soil can be used as a construction material, either
in its primitive form or after suitable processing (fusing, sinter-

ing, etc.).

The first lunar settlements will be organized, evidently, like
arctic and antarctic stations. Their crews will consist of specilal-
ists of three groups: command crew maintaining the base systems and
providing transportation for the personnel from the Earth to the Moon
and back, construction assemblers, and scientific workers performing

the scientific program.

The constructive solution of lunar bases is 1mpossible to pre- /59
determine now. There are, for example, various projects described in
the foreign literature: 1. A monomodular multi-man base with 10 -
20 man crew and multiple automatic lunar stations periodically
visited and serviced by base personnel. The lifetime of such a base
is 1 - 2 years. 2. A base consisting of several small manned sta-

tions with 2 - 3 man crews and a lifetime of 2 - U4 months. After
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completion of operations, the crew of each statlion will return to
Earth and the station itself will be preserved and will be uninhab-
ited, or will be visited by crews of other stations. The sclentific
equipment remaining at the statioh will continue operating automati-
cally. 3. A base sunk into the lunar soil. Evidently, there will
be several small stations at first, and later multi-man bases will

gradually be formed.

Since the main activity of lunar base crews will be performed

beyond its limits, automatic life-support systems must be given great

consideration in the planning.

The simplest solution, used in the American "Apollo" program —
the creation of pressurized suits with an interchangeable back pack
life-support system — imposes limitations on the distance which the
cosmonauts can.move away from the base and on the whole operating
time, since it 1s impossible to wear pressurized suits for a long
time. There are other methods — for example, the use of lunar
vehicles with pressufized cabins in whiech a fixed life-support éys—
tem 1s placed. Tﬁe cosmonauts in the cabin of a lunar vehicle could
study wide areas ranging from base 100 - 200 km. Operations in soil
boring, seismic experiments, and sample collection could be per-
formed without leaving the cabin by using remote manipulators. In
a critical situatlon, a rapid egress from the lunar vehicle 1in a
light pressurized suit can be accomplished. It is interesting that
in several projects, lunar vehicles with air cushions and lunar fly-
ing machines with rocket motors are proposed for use, instead of
lunar vehicleés with wheeled or caterpillar tracks. Calculations
show that because of the small gravitational force on the Moon, such
apparatus could have a-greater range than ordinary lunar_vehicles,

anéd in a number of cases would be more economical.

Interplanetary craft. The organization of an interplanetary

expedition is a problem of significantly greater difficulfy than the
creation of orbital and lunar stations. Thus, the accomplishment of

such an expedition is a matter for the distant future. A number of
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complicated medical, biological, and technological problems have to
be solved before spacecraft will be created which are sufflciently
reliable to ensure safe manned flights for several years, and with
the weight characterilstics acceptable for present carrier rockets.
In view of the great
duration of interplane-
tary flight, the maln
problem will be that of
ensuring the health of
the cosmonauts. Prob-
lems of protecting the
crew from the fatal ef-
fects of cosmic rays and
of creating an artifi-
clal gravitational force
on board the craft must
be solved first of all.
Developing methods for
gsolving these problems
will be carried out on Figure 13. Plan of craft for expedi-

orbital stations. (USA)

The crew of the first interplanetary spacecraft will be small
— 4 - 6 persons. The main problem of the crew in flight will be to
ensure the efficiency of all systems, and after landing on the des-
tination planet — fo perform the assigned program of scientific in-
vestigation. During flight, besides maintaining the craft, the
crew can also solve various scientific problems, although the abund-
ance of scientific apparatus for these purposes will, evidently, be
quite limited on the first expeditions.

The first planet to which an expedition will be sent will prob-
ably be Mars. The opinion of almost all specialists is unanimous in
this question. The nature of cosmonaut operations on Mars 1s analo-
gous to operations on lunar bases (surface studies, soil sample col-

lection, cartography), with the only difference being that the
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physical conditions on this planet differ as much from lunar as from
terrestrial, and the cosmonauts can find the most unexpected phe-

nomens.

To protect the e¢rew from cosmic radlation, variocus methods of
radiation shielding for the cosmonauts are being developed by creat-
ing around the craft a plasma cloud of strong magnetic or electrie
fields, weakening the effect of cosmic radiation in the living com-

partments of the craft.

Besides developing means for creating artificial gravity and
radiation shielding, the most important technilecal problems will be
problems of onboard power and flight control, problems in developing
highly efficient long-term life-support systems, transmlssion of
possibly great volumes of scientifice information from the craft to
Earth, and others. But the most serious problem will be, indisput-
ably, to provide high reliability of the onboard systems. The crew
will play the central fole'in maintaining the whole assembly on the
interplanetary craft in a state of constant efficiency. The cos—
monauts will have to have faultless knowlédge'of all the characteris-
tics of the craft devices and itslsystems, skill‘to'quidkly find and
replace defective units, and in a number of cases make necessary re-
pairs themselves. Highly qualified, well-educated speclallsts hav-
ing space flight experience will be included 1n thé Crew of'inter—
planetary craft for the successful accomplishment of the expedition
tasks on other planets. They must not only understand the electronic
apparatus, cocmputer, and other technigues which the eraft will con-
tain, but also.have experience in performing sciehtifié investiga-
tions in crder to Sﬁccessfdlly complete the operational program on
the destination planet. In the preparation of interplanetary craft
crews, such factors as moral volitional qualities and the psycholo-

gical compatibility of the crew members will be of Important value.
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